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INTRODUCTION
The M_ 6.5 Coalinga, California earthquake of 2 May 1983, 2342 UTC, was
followed by many aftershocks, 46 of which triggered stations both within the
permanent network maintained by the U.S. Geological Survey and the temporary
network installed within a few days after the main shock. Significant after-
shocks occurred for a period of four months. Data in this report are from the
M_ 5.3 event on July 9, 1983, 0740 UTC, located approximately 13 km northwest

of Coalinga.



PROCESSED RECORDS FROM THE COALINGA, CALIFORNIA AFTERSHOCK
on July 9, 1983, 0740 UTC

Earthquake Data.

The main shock of the M_ = 6.5 Coalinga, California, earthquake occurred
on 2 May 1983, 2342 UTC, 10 km northeast of Coalinga at a depth of 10 km. It
triggered 37 U.S. National Strong-Motion Network accelerographs operated by
the U.S. Geological Survey (USGS) and 60 accelerographs operated by the Cali-
fornia Strong-Motion Instrumentation Program (CSMIP). The two closest records
were obtained at the Bureau of Reclamation's Pleasant Valley Pump Plant, 9.2
km from the epicenter. Peak horizontal ground-level accelerations reached
0.54 g at the Switchyard accelerograph site.

Several reports have been published on the main shock and the aftershock
sequence, including Borcherdt, 1983; Bennett and Sherburne, 1983; and Scholl
and Stratta, 1984. These reports contain contributions from many authors,
primarily from within the USGS, CDMG, and the Earthquake Engineering Research
Institute (EERI). Preliminary CDMG strong-motion data is presented in Shakal
and McJunkin, 1983. Processed USGS strong-motion data consisting of computer
plots of corrected time series and spectra are presented in Maley and others
1984, together with data from the May 9 aftershock. A magnetic tape contain-
ing the USGS digital data is available from National Geophysical Data Center
(NGDC), National Oceanic and Atmospheric Administration (NOAA), Mail Stop
E/GC11, Boulder, CO 80303.

Figure 1 shows the epicenter and the locations for those instruments that
recorded the July 9, 1983, 0740 UTC aftershock (ML 5.3). The epicenter was
tocated approximately 13 km northwest of Coalinga.

Table 1 lists the source data for the aftershock.



Station Data.

Table 1 lists the coordinates of the stations. A brief description of
each follows (see also Porcella, 1985).

Anticline Ridge. The accelerograph is bolted to an unused concrete pump pad

at the top of a ridge about 50' above Shell Road.

Burnett Construction. The accelerograph is bolted to a large concrete pad,

the base for a parking shelter, at 5th and Glenn in Coalinga, approximately
one block southeast of the heavily damaged downtown area.

0i1 City. The instrument is bolted to the pad of a garage-sized, light-
weight, wood-frame bulding, 1located at Shell O0il's West Coalinga Unit
Production Laboratory.

0i1 Fields Fire Station. One accelerograph is bolted at the end of a long

narrow pad used as a base for a light-weight hose-drying rack. A second
accelerograph, located ten feet away on natural ground, is anchored by several
bags of soil laid over the top of the unit and connected to the first for
starting and WWVB radio signals. No particular scientific endeavor is
represented by this anchoring system other than for comparison purposes with
the nearby pad instrument.

Palmer Avenue. This instrument is bolted to a concrete pad formerly used as a

derrick footing (according to an unidentified source at Union 0il).

Skunk Hollow. The accelerograph is bolted to an old pump pad whose pump had

long since been removed.
Record Data.

Figure 2 contains reproductions of the original records from the July 9
aftershock. Before digitization and processing, the records were scaled for
peak amplitudes, and the WWVB radio signals (when legible), were read for

trigger time or time code generator (TCG) signal.



Table 2 lists the trigger times for records with a sufficiently legible
time code. These times can be used to approximately + 0.05 s, depending on
the detailed behavior of the film getting up to operating speed. The plotted
data in Appendix I, and the numerical data on the tape, begin at these times.
The scaled peak values (0.05 g and greater) for the records from all the
events in the Coalinga sequence are listed in Table 3.

Stations at the Pleasant Valley Pump Plant were not digitized because
they were too small. For information on these records see Porcella, 1985,

Figure 3 shows the 360° component of the Skunk Hollow, Palmer Avenue, and
Burnett Construction records. Their peak values occur on a distinctive pulse
arriving later than the shear wave. The interval between shear wave arrival

and this pulse is listed in the following:

Station Time Interval Epicentral Distance
Skunk Hollow 2 sec 8.9 km
Palmer Avenue 2.2 sec 10.7 km
Burnett Construction 3.8 sec 13.1 km

DIGITIZATION AND PROCESSING

Computer plots provide a visual description of the recorded accelerations
and their processed results. They are reproduced in the Appendix. These
plots may be used to measure specific earthquake characteristics or record
parameters directly and to select records for further study using the digital
data.

The current USGS steps for processing are:

1. A commercial digitizing firm (IOM-TOWILL in Santa Clara, California)

digitizes the records on a trace-following, computer-controlled laser



scanner, The data is digitized at unequal time intervals, at an
average of 600 samples per second.

If a strong-motion record has a duration longer than about 10 s, then
it is divided into approximately 10-s segments, each segment being
digitized separately. The segments are reassembled using specially
inserted vertical lines; these lines mark the end and/or beginning of
each segment, Each vertical line is digitized twice, once in each
adjacent segment, and then used in reassembling the record.

The wuncorrected data are prepared by subtracting the digitized
reference traces from the data traces, and using the digitized time
marks to determine the time scale., The instrument sensitivities
scale the ordinates to acceleration.

The data are passed through a correction algorithm that applies a
high-frequency filter (50 Hz), instrument correction, and base-line
correction in the form of a low-frequency filter (bi-directional
Butterworth, 0.4 Hz, order 4), and decimation to 200 sps. Plots of
the corrected acceleration, velocity, and displacement for the three
components of each record are included.

The maximum relative velocity (RV) response spectra are calculated
for damping values of 0, 2, 5, 10, and 20 percent of critical. These
response spectra are calculated for a period range starting at‘0.04 s
and ending with the period corresponding to the low-frequency filter
1imit used in the base-line algorithm. The dashed curve on this plot
is the unsmoothed Fourier amplitude spectrum, FAS, calculated at the
same periods as the RV response spectra.

The second response spectrum plot is that of the pseudo-velocity res-

ponse spectra, PSRV, calculated for the same five damping values used



in calculating the RV response spectra. This tripartite plot also
has the values for the maximum relative displacement (RD) response
spectrum as well as the pseudo-absolute acceleration spectrum (PSAA).

6. Fourier amplitude spectra, calculated by FFT, are presented on linear

and log-log axes to accent the particular characteristics at each end
of the spectrum.

Initial selection of filters for Step 4 are based on the convention of
retaining a period content somewhat longer than the strong-motion duration of
the records. The final Butterworth filter parameters are chosen to eliminate
any apparent serious noise content in the calculated displacements.

The digital data from which these plots are produced are available on
tape from the National Geophysical Data Center (NGDC), NOAA, Mail Stop E/GCl1,
325 Broadway, Boulder, Colorado 80303,

For a more complete description of the processing method see: Converse,
A., 1984,

A summary of the peak values of acceleration, velocity, and displacement
for the records from the aftershock of July 9 is included in Table 1.

Justification for the selection of 2.5 seconds for the long-period cut-
off in Step 4 above rests on the following observations:

1. The strong-motion duration of the records closest to the epicenter is
about 2 to 2-1/2 seconds and retaining-signal content somewhat longer
than this is useful. This implies the rupture lasted this long and that
the Fourier content with longest period would also have this period. For
an accurate determination of the signal at this longest expected period,
we choose, initially, a long-period cut-off of twice the rupture dura-
tion.

2. The digitized duration is approximately 20 seconds and the longest peri-

ods retained should not be more than 1/4 or 1/2 of this.



3. Comparison of the displacement plots of the two records at 0il Fields
Fire Station (the pad and the free-field) indicate that for all 3 compon-
ents the corresponding displacements are very close. Dissimilar dis-
placements were noted in a preliminary choice of 5 seconds where a 3-
second noise was clearly evident during the first 5 to 10 seconds. For
comparison with aftershock of July 22, 1983, 0239 UTC, see U.S. Geol ogi-

eal Surmvey Open-File Report 85-250.

Computer Plots

Appendix I contains computer plots for the following processing stages:
Uncorrected accelerogram,
Corrected acceleration velocity and displacement.
Relative velocity response spectrum, linear plot.
Response spectrum, tripartite log plot.
Fourier amplitude spectrum, linear plot.

Fourier spectrum, log plot.
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TABLE 2. TRIGGER TIMES

Origin time 0740:51.30
0i1 City 0740:53.8
Transmitter Hill 0740:54.1
Palmer Avenue 0740:54.5
Burnett Construction 0740:55.3

0i1 Fields Fire Station, 0il Fields

Free-field and pad 0740:54.1
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Table 3. Scaled peak accelerations (in g) for all records, May 2, 1983 to September 11, 1983

Coalinga Pleasant Valley Pump Plant
T 1 T
N
& $ R
.bg’ '.Pq Q> - ’g
A < o> s & ¢
] >
\¢e<~a \\g’ & {Q" ) \&}b \a . &’\g’ @0 QS'\ -\‘? .\z\ %'é & \00{
\(‘;\ AN & Q':' < <o & 6&{ & Q'ae b é? ég' & <«
PR AR S DAaE ~ D> AS 8 > od < o x &
<« S PO S K T @ oF N & ) P ) LY
2 May 83 —_ —_ —_ - —_ - — -_— -— — 0.54 0.28 - -—
2342 UTC .38 .22
.46 W31
2 May 83 - —_ - - - - —_ - —_ - — <05 - -
2343 yTC
2 May 83 - - - - - —_ - — - - - <05 - -
2344 UTC
2 May 83 - -— - —_ - - - - - - - P — -
2345:23 UTC
2 May 83 - - - - - —_ - — - - - L S— -
2345:50 yTC
2 May 83 - -_— -— - - - - -— - - - .05 - —
2346 UTC .09
.06
2 May 83 - - - - - - - - - - - <.05 -— —_
2347:13 UTC
2 May 83 — - - - - - - - - - - <.05 - -
2348 UTC
4 May 83 —_ - - - —_ - - 0.05 - _— .07 .05 0.04 0.08
0728 UtC .10 .08 .05 .04 .07
.04 .26 .17 .16 .44
4 May 83 —_ - - — - - - <.05 - — .03 <.05 <.05 <.05
0739 utC ,03
.07
4 May 83 - - - - - - - <05 - - .04 .05 <.05  <.05
1611 UTC .05
.10
5 May 83 -— —_ -— - —_ -— -— _ -— —_ .05 .02 .02 .06
1020 uTC .03 .02 .02 .03
A1 .06 .06 .16
5 May 83 _ —_ — —_— —_ — - _ -— —_ <.05 <.05 <.05 <.05
1133 ytC
5 May 83 -— - <0.05 - - - - — - —_ - - - -
1242 ytcC
6 May 83 <0.05 -— -_ — - —_ -_ — — -_ —_ - - --
1151 utC
7 May 83 0.05 0.07 —_ - 0.10 - 0.04 - -— - -— -— -— —
0017 utC .02 .02 .02 .04
.08 .08 .07 .06
7 May 83 <.05 <.05 - - - - .02 _ - —_— -_ - -— -—
0544 UTC .02

.06
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Table 3. (Continued) Scaled peak accelerations (in g) for all records, May 2, 1983 to September 11, 1983

Coalinga Pleasant Valley Pump Plant
f I n|
) (2 ~
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> o >
\o‘;‘-\a \\o" & (.:"' o eb:\v} et‘i’ & § .\é’q’ 4@\ $b . s
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9 May 83 0.56 0.48 0.09 0.30 0.18 -— 0.26 0.12 -— -— 0.22 0.14 0.13 0.23
0249 uTC .30 .37 .07 .10 .16 .10 A2 A1 .04 .05 .06
.56 .47 .08 .24 .25 .22 .15 .10 .05 .06 .24
9 May 83 .05 .05 <.05 .06 .07 -— .06 -— - - - - - <.05
0326 UTC .02 .02 .02 .04 .06
.08 .10 .07 .06 .07
9 May 83 - - - <05 = - - - - - - - - -
0331 uTC
10 May 83 - - - - - - - - - - - - — <.05
1326 UTC
10 May 83 - - - - - - - - - - - - - <.05
1425
10 May 83 - - - - - - - - - — - - — <.05
2153 UTC
11 May 83 .08 .08 — -_ .09 —_— _— -— —_— — — . — -
2049 yTC .02 .02 .01
.13 .13 .04
12 May 83 - —_ .05 -— <.05 -— .14 —_ — _— —_ —_ —_ -—
1341:08 UTC .03 .13
.04 .10
14 May 83 .06 .08 -— <.05 .08 — .07 — — - <.05 <.05 <.05 .05
0502 UTC <.05 .07 .02 .06 <.05 <.05 .02
A1 .07 .07 .10 A1 .05 .13
18 May 83 - - - - - - <05 - - - - - - -
0246:52 UTC
18 May 83 <.05 <.05 -— — <.05 -— <.05 _ —_ —_ - —_ — —
2039 UTC
24 May 83 .44 .30 .05 22 .50 .49 .14 .06 .04 .07 .08 .04 .08
0902 UTC .34 .35 .05 10 .12 .10 .07 .08 .05 .09 .04 .04 .04
74 .66 .07 .14 .35 .32 .08 .10 .09 .11 .06 .07 .22
24 Mmay 83 -— —_ -_— -— -_ —_— _— _— —_ <.05 <.05 -— —_ —
0904 yTC R
30 May 83 —_ —_ —_ - <.05 <.05 _— —_ —_— —_ —_ - —_ —
0321 uTC
11 June 83 .06 <.05 .20 .09 <.05 <.05 _ —_ .06 <.05 .04 <.05 <.05 .04
0309 UTC .02 .07 .09 .04 .02 .03
.06 .14 .09 .06 .05 .14
12 June 83 —_ - .07 -— .06 .07 .05 — - - —_ - -_ -
0131 utC .02 .02 .01 .04
.08 .03 .02 .06
12
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APPENDIX I

COMPUTER PLOTS

Uncorrected acceleration
Corrected acceleration, velocity and displacement
Response spectra

Fourier spectra

Refer to page ii for page numbers of specific plots.
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APPENDIX I1

CURRENT LIST OF PROCESSED RECORDS

USGS processing of records from the USGS permanent network of strong-motion
accelerographs and associated networks

Strong motion data from earthquakes 1978* and 1later.

Table 1.

Chronological list of events and associated reports describing the

existence/processing/analysis/availability of digital data on tape,
or at the National Strong Motion Data Center in Menlo Park.

Date & Time

Earthquake

Reference (see attached list)

January 1, 1975; 0355 UTC

March 25, 1978;

August 27, 1978 and two
later shocks;

August 6, 1979;

Uctober 15, 1979;

October 15, 1979;

October 16, 1979, 0706 UTC;

December 13, 1981 and
March 18, 1983;

February 13, 14,

and 23, 1983;

May 2 and May 9, 1983;
July 9, 1983; 0740 UTC;

July 22, 1983; 0239 UTC;

April 24, 1984;

Southern Alaska;

Coyote Dam,
California

Monticello Dam,
Jenkinsville, South
Carolina;

Coyote Lake,
California

Imperial Valley,
California;

Imperial Valley,
California;

Monticello Dam,
Jenkinsville,
South Carolina;

Solomon Islands;

Monasavu Dam, Fiji;

Coalinga, California;

Coalinga, California;

Coalinga, California;

Morgan Hill,
California;

OFR (in review).
(Silverstein, 1985d)

OFR 83-166 (Brady & Perez,
1983)

OFR 81-0448 (Brady &
others, 1981)

OFR 81-42 (Brady & others,
1980)

OFR 80-703 (Brady, Perez &
Mork, 1980)

" OFR 82-183 (Perez, 1982)

OFR 81-1241 (Mork & Brady,
1981)

OFR 85-261 (Silverstein,
1985a)

OFR 85-375 (Silverstein,
1985b)

OFR 84-626 (Maley &
others, 1984)

OFR 85-584 (Silverstein,
1985¢)

OFR 85-250 (Silverstein and
Brady, 1985)

OFR 84-498, Vol I and 11
(Compiled by Seena Hoose)

*With inclusion of isolated earlier events recently processed.
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Table 2. Processed records in each report.

January 1, 1975; 0355 UTC; southern Alaska; OFR 85- (in review)
Records (4): Anchorage, 500 W. Third St., Basement
Anchorage, Alaskan Methodist University
Anchorage, Government Hospital
Talkeetna, FAA-VOR Building

March 25, 1978; Coyote Dam, California; OFR 83-166. )
Records (3): Coyote Dam, Ukiah, California: abutment, toe, crest.

August 27, 1978, 1023 UTC and 2 later shocks; Monticello Dam, South Carolina,
OFR 81-0448.
Records (3): Jenkinsville, S.C. Monticello Dam
Shared abutment (center crest)
August 27, 1978, 1023 UTC
Two later unidentified events

August 6, 1979, Coyote Lake, California; OFR 81-42
Records (6): Coyote Creek, San Martin, California
Gilroy Array: Station 6, San Ysidro, California
Gilroy Array: Station 4, San Ysidro School, California
Gilroy Array: Station 3, Sewage Treatment Plant, California
Gilroy Array: Station 2, Mission Trails Motel, California
Gilroy Array: Station 1, Gavilan College, California

October 15, 1979, 2317 UTC; The Imperial Valley Earthquake; OFR 80-703.
Records (22): E1l Centro Array 7, Imperial Valley College, California
E1 Centro Array 6, Huston Road
E1 Centro, Bonds Corner, Hiways 98 & 115
E1 Centro Array 8, Cruickshank Road
E1 Centro Array 5, James Road
E1 Centro Differential Array
E1 Centro Array 4, Anderson Road
Brawley, Brawley Municipal Airport
Holtville, California, Holtville Post Office
E1 Centro Array 10, Keystone Road
Calexico, California, Calexico Fire Station
E1 Centro Array 11, McCabe School
E1 Centro Array 3, Pine Union School
Parachute Test Facility
E1 Centro Array 2, Keystone Road
E1 Centro Array 12, Brockman Road
Calipatria, California, Calipatria Fire Station
E1 Centro Array 13, Strobel Residence
E1 Centro Array 1, Borchard Ranch
Superstition Mountain, California
Plaster City, California, Storehouse
Coachella Canal Number 4, California

October 15, 1979; The Imperial Valley, California; OFR 82-183;

Records (22): This report contains the time-dependent response spectrum
plots for the same records as in OFR 80-703, above.
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Table 2. Processed records in each report. (continued)

October 16, 1979, 0706 UTC, Monticello Dam, South Carolina, OFR 81-1214.
Records (1): Jenkinsville, South Carolina, Monticello Dam
shared abutment (center crest)

December 13, 1981 and March 18, 1983; Solomon Islands, OFR 85-261
Records (5): Dec. 13, 1981, 0129 UTC: 460 Beach, Panguna Mine,
Bougainville Island.
Dec. 13, 1981, 1324 UTC: "
March 18, 1983: Arawa Town
Bato Bridge
BVE8O, Panguna Mine.

February 13, 14, and 23, 1983; Monasavu Dam, Fiji; OFR 85-375
Records (3): Feb 13, 14, 23, 1983: Monasavu Dam.

May 2 and May 9, 1983; Coalinga, California; OFR 84-625.
Records (13): May 2, 1983, 2342 UTC:

Pleasant Valley Pump Plant: switchyard, basement

May 9, 1983, 0249 UTC

Anticline Ridge: freefield and pad

Burnett Construction

0il City

0i1 Fields Fire Station

Palmer Avenue

Skunk Hollow

Pleasant Valley Pump Plant: switchyard, basement,
1st floor, roof

July 9, 1983; 0740 UTC; Coalinga, California; OFR 85-584
Records (7): Anticline Ridge: freefield and pad
Burnett Construction
0il City
011 Fields Fire Station: freefield and pad
Palmer Avenue
Skunk Hollow
Transmitter Hill

July 22, 1983; 0239 UTC; Coalinga, California; OFR 85-250
Records (12): Anticline Ridge: pad site
0i1 City
011 Fields Fire Station: freefield and pad
Palmer Avenue
Pleasant Valley Pump Plant: 1st floor, pasement, roof,
switchyard, freefield
Skunk Hollow
Transmitter Hill

April 24, 1984; Morgan Hill, California; OFR 84-498B, Vol. II.
Records (11): Anderson Dam: downstream, crest
Hollister City Hall Annex
Hollister Differential Array
San Justo Damsite: right abutment, left abutment
San Jose 101/280/680 bridge
Hollister Differential Array No. 1, 3, 4, 5
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